1. Introduction {#sec1}
===============

Water pollution due to the discharge of coloured effluents from textile dye manufacturing and textile dyeing mills are one of the major environmental concerns, in the world today. Strong colour imparted by the dyes to the receiving aquatic ecosystem poses aesthetic and serious ecological problems. Therefore numbers of techniques aimed at preferential removal dyes from wastewater have been developed such as adsorption \[[@bib1], [@bib2], [@bib3], [@bib4]\], ion exchange [@bib5], membrane filtration [@bib6]. However, these techniques have merely transferred the dye from one form of waste to another, thus generally secondary pollutants requiring further treatment [@bib7]. In the past few decades, the advanced oxidation process has attracted extensive attention as innovative wastewater treatment technologies for the degradation of organic pollutants in less harmful products \[[@bib8], [@bib9], [@bib10]\]. Some reactive oxidising species such as ^•^OH, O~2~^•−^/HO~2~^•−^ can be generated in AOP and are usually very efficient for dye bleaching and even mineralization. Recently sulphate radical (SO~4~^•−^) based AOP has attracted great scientific and technological interest in environmental application \[[@bib11], [@bib12], [@bib13]\]. Sulphate radicals (SRs), with the reduction potential of +2.6 V vs NHE, can be produced by the activation of sulphate based oxidants (PMS, PDS) with heat, ultraviolet, microwave and ultrasound irradiation and/or transition metal ions. A series of experiments evidence has provided that silver nanoparticles (AgNPs) are the best catalyst for the activation of PDS to produce SRs for degradation of persistent organic pollutants in water \[[@bib14], [@bib15], [@bib16]\].

Nanosized metal nanomaterials are drawing the devotion of present science field nanometer scale leads to particular intrinsic properties for the materials that render them very likely for application in catalysis \[[@bib17], [@bib18], [@bib19], [@bib20]\]. Inorganic nanoparticles exhibit unique physical and chemical characteristics, creation to the development of novel applications in catalysis \[[@bib21], [@bib22], [@bib23], [@bib24], [@bib25]\]. Silver nanoparticles are widely used and known applications in medical and pharmaceutical products and are hence directly encountered by the human system. Recently, nanotechnology has been developed in dynamic disciplines of research in material science in which plants and plant products are finding in the application of synthesis of nanoparticles \[[@bib26], [@bib27], [@bib28], [@bib29]\]. Even though the medicinal importance of numerous plants was known, the plant-mediated silver nano-product is a relatively newer concept.

Although studies on the kinetics of oxidative degradation of dye with PDS have been widely carried out \[[@bib30], [@bib31]\], very few attempts have been made so far on the oxidative degradation of MO in presence of metal nanoparticles \[[@bib32], [@bib33], [@bib34], [@bib35]\]. However, in our best of knowledge from *Azadirachta indica* (neem), synthesized AgNPs has not yet been investigated in degradation of MO. Here we evaluated catalytic activity of green synthesized AgNPs in the oxidative degradation of MO by PDS in an aqueous medium. The present research work also includes the catalytic activity of AgNPs in dye-containing wastewater, collected from drains of local industries situated in Kota city, Rajasthan (India). The present work is based on excellent economy of the process in terms of cheaper chemicals, rapid and convenient green method. Moreover, the AgNPs/PDS system was also evaluated for biodegradability index of different samples.

2. Materials and method {#sec2}
=======================

2.1. Chemicals and materials {#sec2.1}
----------------------------

Silver nitrate (AgNO~3~) (E. Merck), Peroxodisulfate (K~2~S~2~O~8~) (Sigma−Aldrich), Methyl orange and other reagents including H~2~SO~4~, NaOH were of analytical grade. The plant *Azadirachta indica* (neem) was selected from Kota (Rajasthan) India, Fresh and healthy leaves of plant neem cleaned, dried and stirred on a magnetic stirrer at 80 °C for 20 min. The obtained neem extract was filtered, refrigerated (4 °C) for further experiments. Deionised water was employed throughout the study. The wastewater samples were collected from the different local textile industries of Kota city (Rajasthan, India).

2.2. Instrumentation {#sec2.2}
--------------------

For kinetic measurements and estimation of AgNPs synthesis, a Peltier accessory (temperature-Controlled) attached to a UV-Visible double beam spectrophotometer (3000^+^ LABINDIA) was used. Fourier Transformation Infra-Red (FTIR Model-ALPHA-T Bruker, Germany) analysis results give information about the functional group of the biomolecules present in the leaf broth of *Azadirachta Indica* (Neem). Transmission Electron Microscopy (TEM) (Model-Tecnai G^2^ 20 (FEI) S-Twin) and Scanning Electron Microscopy (SEM) (Model-Nova Nano FE-SEM 450 (FEI)) instrument were used for the morphological study of AgNPs. XRD analysis was done by using XPERT-PRO X-Ray Diffractometer of Cu K~α~ radiation (λ = 0.1540 nm) with a scanning rate of 2°/min and 2θ ranging from 10° to 89°. To check the stability and size of synthesized NPs were determined by Zetasizer ver. 7.11 Malvern. The LC-ESI-MS (Model- Q-TOF Micromass, WATERS Company, UK) was used for analysis of degradation product and pH measured by pH meter (MSW-552). COD and BOD measurements determined according to the Winkler method with azide modification.

2.3. Synthesis of silver nanoparticles {#sec2.3}
--------------------------------------

For a synthesis, 10% neem leaf broth added in 20 ml of AgNO~3~ (1 × 10^−3^ mol dm^-3^) solution at 30 °C with continuous stirring at magnetic stirrer. Formation of nanoparticles was observed by UV-Visible spectra of the solution at different time and color change. The yellowish colloidal brown colour shows the complete reduction of Ag^+^ ions into Ag^◦^ as described in our previous study [@bib36]. Synthesized nanoparticles are stable for one month under ambient condition.

2.4. Kinetic measurements {#sec2.4}
-------------------------

The oxidative degradation of Methyl orange (MO) was carried out with the desired concentration of reactants in stoppered Erlenmeyer flask at 30 °C. The reaction was initiated by adding the known volume of PDS solution. The kinetics was monitored by the absorbance of MO measured spectrophotometrically at λ~max~ 465 nm in a regular time interval. It was observed that the absorbance (A) of the dye solution decreases with increasing time showing the progress of dye degradation. Beer\'s law was obeyed at 465 nm over the concentration range (1 × 10^−5^ to 1 × 10^−4^ mol dm^−3^); the molar absorptivity index of MO was found to be 24570 ± 50 mol^-1^ dm^3^ cm^−1^ [@bib37]. The degradation of real dye-containing wastewater samples was also carried out in presence of AgNPs. The degradation of dye sample was measured spectrophotometrically at λ~max~ 438, 445, 480 nm in a regular time interval. A plot of 2 + log (A) versus time was found linear which indicates pseudo-first-order kinetics. The course of the reaction was followed by at least 80% of the reaction.

3. Results and discussion {#sec3}
=========================

3.1. Metal nanoparticles characterization results {#sec3.1}
-------------------------------------------------

Formation of AgNPs was confirmed by the color change of the solution into yellowish brown as [Fig. 1](#fig1){ref-type="fig"}A and B. The maximum absorption spectra of yellowish brown colloids are observed at 433 nm, confirms the formation of AgNPs [@bib38]. The reduction of silver ions occurs immediately after the addition of neem leaf broth into silver nitrate solution and intensity of absorption peak increases with increasing the reaction time and reaches the maximum at time 30 min. After 24 h there are no changes in spectra of AgNPs as [Fig. 1](#fig1){ref-type="fig"}B.Fig. 1(A) The time evolution of the dispersion photographs and (B) UV--vis spectra during the synthesis process (in inset Respective plot of absorbance at λ ~max~ = 433 nm versus time).Fig. 1

The synthesized AgNPs are spherical in shape with average size 9 nm was confirmed by TEM analysis ([Fig. 2](#fig2){ref-type="fig"}A). TEM results also show the biosynthesized silver nanoparticles are surrounded by a thin layer of some capping material, thus were stable four weeks [@bib38]. The ring-like diffraction pattern recorded by selected area electron diffraction (SAED) indicates that the particles are crystalline ([Fig. 2](#fig2){ref-type="fig"}B). Similar results are reported by the Jae Yong Song [@bib39] for *Diopyras kaki* leaf broth synthesized AgNPs.Fig. 2(A) TEM image of synthesized Silver Nanoparticles, (B) SAED pattern of Silver Nanoparticles.Fig. 2

The XRD of AgNPs after drying NPs at 70 °C in vacuum for 12 h ([Fig. 3](#fig3){ref-type="fig"}) indicates four sharp peaks at 2θ = 37.63, 44.70, 64.39 and 77.20 corresponding to (111), (200), (220) and (311) representing the face centred cubic (FCC) structure. The results are matched with JCPDS No. 89-3722 and confirm the crystalline nature of AgNPs [@bib40]. Debye-Scherrer formula gives the average size (9 nm) of AgNPs.Fig. 3XRD of biosynthesized Silver Nanoparticles.Fig. 3

Size distribution of nanoparticles is also confirmed by Dynamic light scattering (DLS) ([Fig. 4](#fig4){ref-type="fig"}), results give information about the size of AgNPs between 5 to 48 nm range with average particle size 9 nm of AgNPs.Fig. 4Particles size distribution of synthesized Silver Nanoparticles.Fig. 4

FTIR measurements give the information about the potential functional groups of the biomolecules present in leaf broth of *Azadirachta indica* (neem). FTIR spectra of synthesized nanoparticles and pure neem leaf broth are given in [Fig. 5](#fig5){ref-type="fig"}A and B respectively. The observed peak at 1609 cm^−1^, 1381cm^−1^, 1077 cm^−1^ in [Fig. 5](#fig5){ref-type="fig"}A are characteristics of flavanones and terpenoids that are abundant in neem plant broth [@bib38]. The peak observed at 1609 cm^−1^ indicating C=C groups, 1381 cm^−1^ occurring to the germinal methyls and 1077 cm^−1^ are shows ether linkages, suggest the presence of flavanones or terpenoids adsorbed on the surface of AgNPs. These reducing sugars could be responsible for the reduction of silver ions into AgNPs. Terpenoids are assumed to be the surface active molecules stabilizing the nanoparticles and reduction of the metal ions is possibly facilitated by reducing sugars or terpenoids present in neem leaf broth [@bib41].Fig. 5Comparative FTIR spectra of (A) Synthesized AgNPs and (B) Neem leaf broth.Fig. 5

The stability of AgNPs is also confirmed by the value of zeta potential. The obtained value is -22.4 mV ([Fig. 6](#fig6){ref-type="fig"}) suggested that the AgNPs was negatively charged in dispersed medium, so particles repel each other which prevent from aggregation.Fig. 6Zeta potential of synthesized silver nanoparticles.Fig. 6

The effect of leaf broth concentration on synthesis rate and particle size of nanoparticles was investigated. [Fig. 7](#fig7){ref-type="fig"} shows that the time course of AgNPs formation with different neem leaf broth percentage (5%--15%) at fixed concentration of AgNO~3~ (1 × 10^−3^ mol dm^−3^) on 30 °C temperature. At low percentage (5%) of leaf broth was used, a weak absorption peak obtained at 433 nm, due to the insufficient reduction of silver ions. As percentage of leaf broth increases up to 10%, the intensity of absorption peak at 433 nm also increases after that increases in percentage of neem leaf broth the absorption peak becomes lower, due to the agglomeration of AgNPs. At different leaf broth percentage the SEM images of synthesized AgNPs ([Fig. 8](#fig8){ref-type="fig"}) indicates that particle size decreases upto 10% leaf broth percentage after that size increases with increase in percentage of leaf broth, suggesting that too many reducing agents cause aggregation of the synthesized AgNPs [@bib42].Fig. 7Time course of AgNPs synthesis with different leaf broth concentration (5%--15%), AgNO3 = 1 × 10^−3^ mol dm^−3^, temperature = 30 °C.Fig. 7Fig. 8SEM images of synthesized silver nanoparticles at different neem leaf broh concentration (A) 5%, (B) 10%, (C) 15%.Fig. 8

3.2. Product analysis {#sec3.2}
---------------------

### 3.2.1. Determination of degradation products {#sec3.2.1}

The formed intermediates of MO during advanced oxidation process were inferred by analysing the samples with LC−MS analysis at the different time interval. [Fig. 9](#fig9){ref-type="fig"} show that the major peaks present at the different time interval of degradation with corresponding m/z values 304, 276, 292, 156, 80, 62. After 15 min of degradation, the new peak of successive demethylated product (m/z 276) of MO was found ([Fig. 9](#fig9){ref-type="fig"}B). Furthermore, after 30 min the degradation of MO proceed, a new peak observed at m/z 292, which can attribute monohydroxylation of the aromatic ring at the ortho position of --NH~2~ group ([Fig. 9](#fig9){ref-type="fig"}C). After that the compound m/z 292 fragmented into the compound at m/z 228 and 156 respectively then finally change into end products (CO~2~, H~2~O, NO~3~^−^, and O~3~S^−^) ([Fig. 9](#fig9){ref-type="fig"}D) [@bib43].Fig. 9LC-MS of MO degraded in AgNPs/PDS system at (A) 0 min, (B) 15 min, (C) 30 min, (D) 45 min.Fig. 9

### 3.2.2. UV-visible spectra of intermediates and degradation pathway {#sec3.2.2}

The UV-visible spectra of MO ([Fig. 10](#fig10){ref-type="fig"}A) and MO degradation with m/z values 304, 276, 292 evaluate on the basis of \[M-H\]ˉ ions of the MO ([Fig. 10](#fig10){ref-type="fig"}B). The absorption of the extended aromatic ring and chromophore group of MO obtained at 465 nm and the additional band obtained at 271 nm are due to the presence of the aromatic ring in MO molecule (m/z 304). As the degradation proceeded, due to the successive demethylation with m/z value 276 shows a blue shift (400 nm) of the spectrum may be attributed to the homolytic cleavage of the nitrogen-carbon bond, resulting in the substitution of the methyl group by the hydrogen atom. Afterward, hydroxyl radical inserted in benzene ring at the ortho position of --NH~2~ group (m/z 292) could lead to significant wavelength redshift (430 nm). Finally, polyaromatic ring present in MO convert into monosubstituted aromatic ring and end products, it is confirmed by the presence of two new peaks at 225 nm and 323 nm in UV-visible spectra ([Fig. 10](#fig10){ref-type="fig"}B) [@bib44]. According to these results the following degradation pathway of MO was proposed ([Fig. 11](#fig11){ref-type="fig"}).Fig. 10**(A)** UV-Visible spectra of Methyl Orange (λ ~max~ = 465 nm). **(B)** UV−Visible adsorption spectra of MO in AgNPs/PDS system with reaction time. (\[PDS\] = 5 × 10^−4^ mol dm^−3^, \[Dye\] = 5 × 10^−5^ mol dm^−3^, \[AgNPs\] = 1 × 10^−8^ mol dm^−3^, pH = 6.5 and Temperature 30 °C).Fig. 10Fig. 11Proposed degradation pathway of MO in AgNPs/PDS system.Fig. 11

3.3. Peroxodisulfate dependence {#sec3.3}
-------------------------------

The AgNPs catalysed oxidative degradation of MO was studied at different concentration of PDS from 1 × 10^−4^ to 1 × 10^−3^ mol dm^−3^ at 30 °C temperature, fixed concentration of \[Dye\] = 5 × 10^−5^ mol dm^−3^, \[AgNPs\] = 1 × 10^−8^ mol dm^−3^ and pH = 6.5 ([Fig. 12](#fig12){ref-type="fig"}). The rate of dye degradation increased with increase the initial concentration of PDS. This is likely because SO~4~^•−^ radical ions were generated simultaneously, which in turn increases the rate of oxidation of Ag° to Ag^+^ ion, Successive the oxidative decolourization of MO occurs. Furthermore, the PDS concentration increases beyond 5 × 10^−4^ mol dm^−3^, the degradation rate of MO slowed down slightly. It may be due to the higher concentration of PDS the side reaction between persulfate anion (S~2~O~8~^2−^) and SO~4~^•−^ become more significant, which would consume more PDS, hence the remaining percentage of PDS decreases with the increases of PDS concentration ([Table 1](#tbl1){ref-type="table"}) [@bib45].Fig. 12Effect of variation of \[PDS\] at fixed \[Dye\] = 5.0 × 10^−5^ mol dm^−3^, \[AgNPs\] = 1.0 × 10^−8^ mol dm^−3^, pH = 6.5 and Temperature 30 °C. \[PDS\] (mol dm^−3^) = (A) 1.0 × 10^−4^, (B) 2.5 × 10^−4^, (C) 5.0 × 10^−4^, (D) 7.5 × 10^−4^, (E) 10.0 × 10^−4^.Fig. 12Table 1Effect of variation of \[PDS\], \[Dye\], \[AgNPs\] and pH on oxidative degradation of Methyl orange in aqueous solution at 30 °C.Table 1S. No.10^4^ \[PDS\] mol dm^−3^10^5^ \[Dye\] mol dm^−3^10^8^ \[AgNPs\] mol dm^−3^ (9 nm)pH10^4^ K~obs~ (sec ^−1^)11.05.01.006.51.1022.55.01.006.53.9035.05.01.006.58.6047.55.01.006.58.005105.01.006.57.6065.01.01.006.53.2075.02.51.006.56.5085.05.01.006.58.6095.07.51.006.57.81105.0101.006.55.99115.05.00.006.51.20125.05.00.256.53.05135.05.00.506.54.84145.05.00.756.56.70155.05.01.006.58.60165.05.01.506.512.20175.05.02.006.515.90185.05.01.002.51.20195.05.01.005.07.50205.05.01.006.58.60215.05.01.007.07.80225.05.01.008.07.30235.05.01.009.06.90245.05.01.0010.06.30

3.4. Dye dependence {#sec3.4}
-------------------

The Reaction was carried out at a constant concentration of other reactants and by varying the initial concentration of MO from 1 × 10^−5^ to 1 × 10^−4^ mol dm^−3^ at 30 °C temperature. The results indicate the degradation rate increased up to increase in 5 × 10^−5^ mol dm^−3^ concentration of dye after that rate decreased with an increase in dye concentration ([Table 1](#tbl1){ref-type="table"}). It may be at a constant concentration of PDS, the availability of SO~4~^•−^ radicals are not sufficient to degrade dye molecules at higher concentration [@bib24].

3.5. Effect of pH {#sec3.5}
-----------------

The initial pH of the solution is a key factor which affects the degradation of dye because pH influences the surface charge properties of the catalyst [@bib46]. The degradation of dye from textile dye effluents was studied at different initial pH of solution values in the range 5--8.

When the pH is higher than 8, the AgNPs becomes negatively charged according to [Eq. (1)](#fd1){ref-type="disp-formula"}.$$\left. AgOH + OH^{-}\rightarrow H_{2}O + Ag^{-} \right.$$

And at the pH is lower than 5, than AgNPs is positively charged according to [Eq. (2)](#fd2){ref-type="disp-formula"}.$$\left. AgOH + H^{+}\rightarrow H_{2}O + Ag^{+} \right.$$

The degradation rate of MO as a function of the initial pH of the solution as shown in [Fig. 13](#fig13){ref-type="fig"} and the results illustrate that the degradation of MO was carried out effectively at 6.5 pH. The similar results were also reported by Zhong et al., 2012 [@bib30]. The pH value of reaction was adjusted by H~2~SO~4~ and NaOH solution.Fig. 13Effect of variation of pH at fixed \[Dye\] = 5 × 10^−5^ mol dm^−3^, \[PDS\] = 5 × 10^−4^ mol dm^−3^, \[AgNPs\] = 1 × 10^−8^ mol dm^−3^ and Temperature 30 °C.Fig. 13

3.6. Silver nanoparticles dependence {#sec3.6}
------------------------------------

The catalytic activity of synthesised AgNPs was evaluate in oxidative degradation of MO by PDS by varying concentration from 0.25 × 10^−8^ to 2.0 × 10^−8^ mol dm^−3^ at fixed \[PDS\] = 5 × 10^−4^ mol dm^−3^, \[Dye\] = 5 × 10^−5^ mol dm^−3^, pH = 6.5 and 30 °C temperature. The rate of reaction increases with increasing concentration of AgNPs [@bib47]. In presence of small concentration (1.0 × 10^−8^ mol dm^−3^) of AgNPs the degradation rate is seven times faster than in absence of AgNPs ([Fig. 14](#fig14){ref-type="fig"}) ([Table 1](#tbl1){ref-type="table"}). The catalytic activity of AgNPs also tested on real wastewater samples, were collected from drains of three different local textile industries of Kota region. Catalytic oxidative degradation was performed with a similar method as mentioned above at a different concentration of AgNPs ([Fig. 15](#fig15){ref-type="fig"}). The difference between the rate constants of sample dye and wastewater samples can be explained on the basis of structural difference and concentrations of different dye molecules present in the real wastewater samples.Fig. 14Oxidative degradation of Methyl Orange by advanced oxidation process at fixed \[Dye\] = 5.0 × 10^−5^ mol L^-1^, \[PDS\] = 5.0 × 10^−4^ mol L^-1^, pH = 6.5 and Temperature 30 °C (A) Without catalyst, (B) With catalyst (\[AgNPs\] = 1.0 × 10^−8^ mol L^-1^).Fig. 14Fig. 15Effect of \[AgNPs\] on degradation rate of different water samples at fixed \[PDS\] = 5 × 10^−4^ mol dm^−3^, Temperature 30 °C. (A) Pure Methyl Orange (pH = 6.5), (B) Shopping Centre, Kota (pH = 7.2), (C) Ghantaghar, Kota (pH = 6.8), (D) Vigyan nagar, Kota (pH = 6.2).Fig. 15

3.7. Mechanism {#sec3.7}
--------------

K~2~S~2~O~8~ can be activated by Ag° to generate SO~4~^•−^ at ambient temperature. The plausible mechanism in support of the observed kinetics as given below−$$\frac{\begin{array}{l}
\left. \text{S}_{2}\text{O}_{8}^{2 -} + \text{A}\text{g}^{\circ}\rightarrow\text{S}\text{O}_{4}^{\bullet -} + \text{S}\text{O}_{4}^{2 -} + Ag\left( \text{I} \right) \right. \\
\left. \text{S}\text{O}_{4}^{\bullet -} + Ag\left( \text{I} \right) + Dye\rightarrow\Pr\ oduct + \text{A}\text{g}^{\circ} \right. \\
\end{array}}{\text{S}_{2}\text{O}_{8}^{2 -} + Dye\overset{\text{A}\text{g}^{\circ}}{\rightarrow}\Pr\ oduct + \text{S}\text{O}_{4}^{2 -}}$$

Based on the results it may be concluded that the oxidative degradation of dye in presence of AgNPs by K~2~S~2~O~8~ is radical ion based mechanism and the main radical ion species generated during the catalytic activation of K~2~S~2~O~8~ was sulphate radical ions (SO~4~^•−^). The role of the catalyst as a mediator for the electron transfer to PDS was also reported \[[@bib32], [@bib48], [@bib49]\].

3.8. Biodegradability {#sec3.8}
---------------------

The concentration of wastewater samples was characterized by BOD and COD. The COD analysis simply indicates the total waste load in a textile waste effluent and the ratio of BOD and COD gives information about biodegradability of wastewater samples [@bib50]. [Table 2](#tbl2){ref-type="table"} shows BOD and COD analysis of MO dye, wastewater samples; before and after AOP treatment. The results indicate that after applying AOP treatment on MO dye, real wastewater samples; COD decreases from 56-62 % and BOD increases 14--120 %, so the value of biodegradability index increases (above 0.3). Jamil et al. 2011 [@bib51] also reported that the value of biodegradability index less than 0.3 shows poor biodegradability in wastewater.Table 2Experimental results of BOD and COD before and after advanced oxidation process.Table 2SamplesBefore AOP treatmentAfter AOP treatment% BOD increases% COD reductionpHBOD (mg/l)COD (mg/l)BOD/CODpHBOD (mg/l)COD (mg/l)BOD/CODMO6.55700.076.311280.39120 %60.0 %Sample 17.0874860.186.81002120.4714.9 %56.3 %Sample 26.8583700.156.6801400.5737.9 %62.0 %Sample 36.2724100.176.0911680.5426.3 %59.0 %

4. Conclusion {#sec4}
=============

The present study reports highly stable, monodispersed, spherical AgNPs synthesized by the *Azadirachta indica* (neem) leaf broth as an efficient, ecofriendly and cost effective reducing and capping agent. The green synthesised AgNPs were applied as a catalyst for oxidative degradation of MO and wastewater samples in aqueous solution. The silver nanoparticles exhibited good efficiency for activation of PDS to provide sulphate radicals for degrading MO dye and real wastewater samples. Increasing catalyst and PDS concentration increase the rate of MO degradation. The results suggested that silver nanoparticles have a strong potential for fast dye degradation technologies. After AOP treatment of wastewater samples, biodegradability index is an increase, so that organic matter can be decomposed easily.
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